S
evere sepsis is an infectioninduced syndrome resulting in a systemic inflammatory response that is complicated by dysfunction of at least one organ system (1) . In the United States, approximately 750,000 cases of sepsis occur each year (2, 3) . The mortality associated with severe sepsis ranges from 30% to 50%, with mortality increasing with advancing age (3, 4) . Although complex, the pathophysiology of sepsis involves a series of interacting pathways involving immune stimulation, immune suppression, hypercoagulation, and hypofibrinolysis (5, 6) .
Cardiovascular management plays an important role in the treatment of septic shock. Hypotension occurs due to failure of vasoconstriction by vascular smooth muscle, resulting in peripheral vasodilation (7, 8) . Goal-directed cardiovascular resuscitation has been demonstrated to be an important determinant of survival in patients with septic shock (9) . In addition to cardiovascular management, appropriate initial antimicrobial treatment of patients with severe sepsis also seems to be an important determinant of patient outcome (10 -12) .
Barnes-Jewish Hospital is an urban tertiary referral center where patients who develop septic shock in the community setting are first evaluated in the emergency department. These patients typically are treated for 6 -24 hrs in the emergency department while awaiting a bed in the intensive care unit. The goal of this study was to determine whether a standardized physician order set focusing on intravenous fluid administration and the appropriateness of initial antimicrobial therapy could improve patient management as recommended by the recent Surviving Sepsis Campaign guidelines (13) .
MATERIALS AND METHODS
Study Location and Patients. The study was conducted within the emergency department and intensive care units (medical, surgical-trauma) of an academic medical center, Barnes-Jewish Hospital/Washington University Medical Center (1, 200 The emergency department is a closed unit where patient care is delivered by emergency department resident physicians under the su-pervision of attending physicians board certified in emergency medicine. The intensive care units are closed units employing multidisciplinary rounds directed by a physician board certified in critical care. The study was approved by the Washington University School of Medicine Human Studies Committee. Informed consent was obtained for collection of patient data.
Hospital Order Set. The hospital order set for the management of severe sepsis and septic shock focusing on hemodynamic resuscitation and antimicrobial treatment was developed by a committee comprising emergency department physicians, pharmacists, and critical care physicians chaired by one of the authors (S. T. Micek) (Figs. 1 and 2 ). An additional order set focusing on secondary management issues, including the administration of corticosteroids and drotrecogin alfa (activated), was employed but is not shown. The order set Figure 1 . Hospital order set for the administration of antibiotic therapy for severe sepsis and septic shock in the emergency department. IVPB, intravenous piggyback; Q, every; PCN, penicillin; max, maximum.
was based on recommendations derived from the Surviving Sepsis Campaign (13) . Formal education and clinical training of all physicians, nurses, and patient care technicians in the emergency department pertaining to the processes and procedures related to the order set forms was completed in a 4-wk period by two of the investigators before the after phase (J. Williams and C. Harrison). These educational endeavors included training in sepsis pathophysiology, monitoring of central venous pressures, assessment of central venous blood oxygen saturation, and the pharmacotherapy of sepsis (1, 13) .
Study Entry Criteria.
To be enrolled into the study, patients had to have a clinical diagnosis of septic shock that included: 1) the presence of two or more signs of the systemic inflammatory response syndrome, 2) a presumed site of infection documented by radiographic findings consistent with infection or a clinical syndrome associated with a high probability of infection, and 3) vasodilatory shock requiring fluid resuscitation plus vasopressor administration in the emergency department. To more fully assess the effect of the order set on hemodynamic resuscitation, only patients with septic shock were enrolled. The prescription of vasopressors (e.g., norepinephrine or dopamine) was not based on predetermined hemodynamic cutoffs but was prescribed solely at the discretion of the treating physicians. Patients with refractory septic shock dying in the emergency department despite vasopressor administration were excluded to more accurately assess the effect of the order set on hospital outcomes. Patients with an alternative diagnosis accounting for the shock state (e.g., myocardial infarction, pulmonary embolism) and those with a preexisting donot-resuscitate order were also excluded. Tapering of vasopressors occurred by reducing the norepinephrine or dopamine infusions by increments of 1.0 g/min and 0.05-1.0 g·kg Ϫ1 ·min Ϫ1 , respectively. Study Design and Data Collection. A prospective, before-after study design was used, enrolling consecutive patients meeting the study entry criteria. The primary outcomes evaluated were the total quantity of intravenous fluids administered and the prescription of appropriate initial antimicrobial treatment in the emergency department. Secondary outcomes included hospital mortality and hospital length of stay.
For all study patients, the following patient characteristics were prospectively recorded: age, sex, race, body weight, and severity of illness as assessed by the Acute Physiology and Chronic Health Evaluation (APACHE) II score based on the worst values obtained while the patient was in the emergency department. Process-of-care variables evaluated in the emergency department included administration of antibiotics within 3 hrs of arrival, obtaining blood cultures before the start of antibiotics, administration of Ն20 mL/kg intravenous fluids before vasopressors, total intravenous fluid volume administered, units of packed red blood cells transfused in the emergency department, assessment of a serum lactate measurement, use of vasopressors at the time of transfer out of the emergency department, employing a central vein pressure transducer, documenting the achievement of a central venous pressure of Ͼ8 mm Hg, evaluation of a central venous blood oxygen saturation, and the use of corticosteroids and drotrecogin alfa (activated).
One of the investigators made daily rounds on all study patients, recording relevant data from the medical records, bedside flowsheets, and the hospital's mainframe computer for reports of microbiological studies (Gram stains and cultures of blood, urine, sputum, lower respiratory tract specimens, tissue, and wounds). All pharmacotherapies administered in the emergency department and the intensive care units were evaluated using patients' medical records and the hospital's computerized bedside workstations (EMTEK Health Care Systems, Tempe, AZ; and Clinical Desktop, BJC Healthcare, St. Louis, MO).
Definitions. All definitions were selected a priori as part of the original study design. Vasopressors were targeted to maintain a mean arterial pressure of Ն65 mm Hg. Refractory septic shock was defined as the inability to maintain a mean arterial pressure of Ն65 mm Hg with the administration of vasopressors. The fluid resuscitation of patients was evaluated during their emergency department stay before transfer to an intensive care unit. The types of crystalloid fluids administered in the emergency department included 0.9% sodium chloride and lactated Ringer solution. For the purposes of this investigation, appropriate initial antimicrobial treatment was defined as the microbiological documentation of an infection (i.e., a positive culture result) that was being effectively treated based on in vitro susceptibility results at the time of its identification (14) . Corticosteroid therapy was composed of 200 -300 mg/day hydrocortisone or its equivalent dose. Patients were not required to have a diagnosis of adrenal insufficiency based on random cortisol levels or an adrenocorticotropic hormone (ACTH) stimulation test.
APACHE II scores were calculated on the basis of the worst clinical data available for patients while in the emergency department (15) . The definition for systemic inflammatory response syndrome was that proposed by the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference (16) . The use of drotrecogin alfa (activated) was based on the criteria in the original study design (17) .
Statistical Analysis. Continuous data were reported as mean Ϯ SD, and the Student's t-test was employed when comparisons were made for parametric data. Nonparametric data were analyzed with the Mann-Whitney U test. Categorical variables were reported as frequency distributions, and chi-square or Fisher's exact tests were used to test whether differences existed between groups. After these univariate analyses, multivariate logistic regression was undertaken to determine independent risk factors for hospital mortality. Risk factors significant at the .2 level in the univariate analysis were entered into the model. Adjusted odds ratios and their corresponding 95% confidence intervals are reported. Kaplan-Meier curves representing the 28-day mortality stratified according to group assignment were compared with the use of a log-rank test. All tests were two-tailed, and a p value of Ͻ.05 was predetermined to represent statistical significance. Analyses were done using the SPSS 10.1 software package (SPSS, Chicago, IL). We calculated post hoc that we would need a sample size of 128 patients to identify an absolute difference in the amount of fluid administration to patients before starting vasopressors of 5 mL/kg (estimated SD, 10 mL/kg) with a power of 0.8 (two-tailed) at a significance level of .05.
RESULTS
Patients. A total of 125 consecutive patients with septic shock were prospectively evaluated. Five patients with refractory septic shock dying in the emergency department were excluded (four in the before group and one in the after group) ( Tables 1 and 2 ). The mean age of the patients was 64.7 Ϯ 18.2 yrs (range, 19 -97 yrs); 53 patients (44.2%) were men and 67 (55.8%) were women. The mean APACHE II score of the entire cohort was 22.5 Ϯ 8.3 (range, 5-46). Patients in the before and after groups were similar in terms of baseline demographics, primary infection site, and APACHE II scores (Table 1). Process-of-Care Variables. All patients in the before and after groups had central venous catheters placed in the emergency department. Patients in the after group were statistically more likely to have had intravenous antibiotics administered within 3 hrs of arrival at the emergency department and to have received an initial antibiotic regimen that was appropriate for their infection compared with patients in the before group (Table 2) . Patients in the after group also received significantly greater total volume of intravenous fluids in the emergency department (Fig. 3) and total volume of intravenous fluids before the start of vasopressors, and they were statistically more likely to receive Ն20 mL/kg of intravenous fluids administered before vasopressors.
Serum lactate and central venous oxygen saturation measurements were statistically more often performed among patients in the after group. Patients in the after group were more likely to
drotrecogin alfa (activated), and had a longer emergency department length of stay compared with patients in the before group. Of patients having central venous oxygen saturation assessments performed in the emergency department during the after period, 27 of 29 (93.1%) achieved a value of Ͼ70%. The mean central venous oxygen saturation achieved among patients in the after group before transfer out of the emergency department was 79.5% Ϯ 10.9%.
Outcomes. Patients in the after group had a statistically lower risk of 28-day mortality, (48.3% vs. 30.0%, p ϭ .040) compared with patients in the before group. Kaplan-Meier plots of the probability of remaining alive are shown in Figure 4 . Patients in the after group had a statistically higher probability of 28-day survival compared with patients in the before group (p Ͻ .001 by log-rank test). Hospital mortality was similar, with 48.3% of patients in the before group and 35.0% of the patients in the after group dying by the end of their hospitalization (p ϭ .139). The hospital length of stay was significantly lower for patients in the after group (12.1 Ϯ 9.2 days vs. 8.9 Ϯ 7.2 days, p ϭ .038). The intensive care unit length of stay did not differ between groups statistically (6.6 Ϯ 7.0 days vs. 5.1 Ϯ 5.2 days, p ϭ .228). Logistic regression analysis demonstrated that not achieving Ͼ20 mL/kg intravenous fluid administration before vasopressors and increasing patient age were independently associated with hospital mortality (Table 3) .
DISCUSSION
This study demonstrated that use of a standardized physician order set employed in the emergency department was statistically more likely to result in the administration of appropriate initial antimicrobial treatment and targeted goaldirected intravenous fluids among patients with septic shock. We also found that the 28-day mortality rate and hospital length of stay favored patients managed in the after group with the standardized order set. Finally, patients in the after group were less likely to require treatment with vasopressors at the time of transfer to the intensive care unit compared with patients in the before group. Physicians practicing in the emergency department setting, similar to the intensive care unit setting, are frequently faced with the challenge of caring for multiple patients with potentially lifethreatening illnesses. Septic shock is a disease state requiring timely and directed interventions. Rivers et al. (9) demonstrated a 16% decrease in absolute 28-day mortality by implementing an early goal-directed therapy protocol in their emergency department. This protocol focused on intensive care unit-level care in the emergency department with specific targeted end points for the administration of intravenous fluids and vasopressors. The major differences in treatment between the intervention and control groups were in the volume of intravenous fluids received, the percentage of patients transfused packed red blood cells in the first 6 hrs, the use of dobutamine, and the presence of a dedicated study team (9) .
As it has become clear that severe sepsis and septic shock are common causes of death (2, 3), other groups have also focused on the management of this disorder to improve patient outcomes (18) . Gao et al. (19) evaluated the outcomes of patients with sepsis in terms of whether compliance with sepsis care bundles occurred during their management. The sepsis care bundles provided recommendations for the management of intravenous fluids, blood transfusions, antibiotics, and vasopressors. There was an overall compliance of 52% with the sepsis bundles in the study by Gao et al (19) . Despite being comparable in terms of baseline demographics and severity of illness, the compliant patients had a statistically lower risk of hospital mortality compared with the noncompliant patients (29% vs. 55%, p ϭ .045). Our investigation differed from the study of Gao et al. (19) in that we focused on the emergency department population, attempting to target the management of intravenous fluid administration and appropriate initial antibiotic treatment.
Previous investigations have shown that antimicrobial regimens lacking activity against identified microorganisms causing serious infections (e.g., hospitalacquired pneumonia, bloodstream infections) are associated with greater hospital mortality (14, 20, 21) . More recently, the same finding has been demonstrated for patients with severe sepsis (10 -12, 22) . Inappropriate antimicrobial treatment has been shown to be an important independent risk factor for mortality among hospitalized patients with bloodstream infections (20) . Unfortunately, changing antimicrobial therapy to an appropriate regimen after susceptibility data become available has not been demonstrated to improve clinical outcomes (23, 24) . Previous studies have also suggested that the timing of appropriate antibiotic treatment for sterile-site infections is an important determinant of outcome. Iregui et al. (25) showed that patients treated for Ͼ12 hrs after clinical suspicion of ventilator-associated pneumonia had a statistically greater risk of hospital mortality. Similarly, Morrell et al. (26) demonstrated that delayed appropriate treatment for Candida bloodstream infection is associated with increased hospital mortality. These investigations suggest that early accurate microbiological diagnosis to guide specific treatment or appropriate empirical treatment before culture results becoming available is necessary to improve outcomes of serious infections.
Standardization of evidence-based practices in the care of critically ill patients has become accepted as the optimal method for their management. Liberation from mechanical ventilation, avoiding excess sedation administration, and antibiotic treatment of serious infections are several examples in which practice protocols have improved clinical outcomes (27) (28) (29) . By standardizing care, clinicians ensure that necessary procedures and therapies are carried out in a timely manner. They also allow new practice changes to be more accurately monitored in terms of their effect on patient outcomes. The management of septic shock easily lends itself to standardization because of the importance of achieving early goal-directed resuscitation and administration of appropriate antimicrobial treatment (9 -12) .
Our study has several important limitations. First, it was performed within a single emergency department and may not be generalizable to other treatment settings. However, the results are consistent with those demonstrated by other investigations performed in emergency departments (9, 19) . Second, our study design and relatively small sample size limit our ability to determine a causal relationship between the use of the standardized order sets and the outcomes we evaluated. Nonetheless, the absolute reduction in 28-day mortality of 15% that we achieved is similar to that found by Rivers et al. (9) and is consistent with the other findings of our investigation. Third, we primarily focused on two elements in the management of septic shock. The standardized order sets focused on fluid administration and appropriate initial antibiotic therapy, although recommendations on vasopressor use and packed red blood cell transfusion targets were also provided. It is possible that our order set could be improved by incorporating other elements such as glycemic control, lungprotective mechanical ventilation, and nutritional therapy, especially if employed in the intensive care unit setting (13, 30) . In addition, despite all 60 patients having a central venous catheter placed in the after group, only 48% had a documented central venous pressure measurement in the emergency department, suggesting the need for further improvement.
Another important limitation of this investigation is that it was an observa- tional, nonrandomized study. Therefore, unforeseen biases on the part of practitioners caring for these patients, including uncontrolled changes in practices, could have occurred, contributing to the results. However, the routine use of practice protocols in our intensive care units should have minimized this effect (28, 29) . Finally, our study design does not allow us to determine which specific interventions accounted for the observed benefit in outcomes. Only 48% of our patients had a documented central venous pressure measurement in the emergency department. Therefore, it is possible that elements of the order set other than aggressive fluid resuscitation may have contributed to the observed outcome benefit. Despite these limitations, our study supports the importance of achieving targeted end points for the management of septic shock to improve patient outcomes.
The findings of this study confirm the premise that patients with septic shock are often under-resuscitated in the emergency department setting and will benefit from a standardized order set including aggressive early hemodynamic resuscitation that meets defined measurable end points and a prescribed antibiotic pathway. Unfortunately, it seems that most institutions have been slow to adopt the protocol of early goal-directed fluid resuscitation, despite the evidence in support of its effect on patient outcomes (9, 19, 31) . There is a requirement for extra resources, time, and equipment in implementing this strategy. However, the potential outcomes benefit seems to easily justify these resources, especially in patients with septic shock, given the likelihood for reductions in morbidity and mortality.
In summary, the initial management of patients with septic shock seems to be critical in terms of determining outcome (9) . Most patients developing septic shock in the community setting will initially be treated in a hospital emergency department. Our findings suggest that emergency departments should apply standardized physician order sets, or some other systematic approach, for the management of patients with septic shock. Given that physician order sets expose patients to no additional risks and are associated with little to no acquisition costs, their implementation should become the standard of care for the management of septic shock. We have currently broadened the scope of use of these order sets at Barnes-Jewish Hospital so that they are now applied hospital-wide to manage patients with septic shock.
